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Objectives: This study was conducted to investigate the relationship between heat-related illnesses developed in the summer of 2012 
and temperature. 

Methods: The study analyzed data generated by a heat wave surveillance system operated by the Korea Centers for Disease Control 
and Prevention during the summer of 201 2. The daily maximum temperature, average temperature, and maximum heat index were 
compared to identify the most suitable index for this study. A piecewise linear model was used to identify the threshold temperature 
and the relative risk (RR) above the threshold temperature according to patient characteristics and region. 

Results: The total number of patients during the 3 months was 975. Of the three temperature indicators, the daily maximum temper- 
ature showed the best goodness of fit with the model. The RR of the total patient incidence was 1.691 (1.641 to 1.743) per rc after 
31.2°C.The RR above the threshold temperature of women (1.822, 1.716to 1.934) was greater than that of men (1.643, 1.587 to 1.701). 
The threshold temperature was the lowest in the age group of 20 to 64 (30.4°C), and the RR was the highest in the >65 age group 
(1 .863, 1 .755 to 1 .978). The threshold temperature of the provinces (30.5°C) was lower than that of the metropolitan cities (32.2°C). 
Metropolitan cities at higher latitudes had a greater RR than other cities at lower latitudes. 

Conclusions: The influences of temperature on heat-related illnesses vary according to gender, age, and region. A surveillance system 
and public health program should reflect these factors in their implementation. 
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Due to global climate change, heat waves are increasing in 
frequency, intensity, and duration [1].The types of health 
damages caused by heat waves vary greatly, ranging from 
death, exacerbation of cardiovascular diseases, respiratory dis- 
eases, neurological diseases, and psychiatric diseases to the 
development of heat-related illnesses [2-9]. In particular, heat- 
related illnesses, which have a clear causal relationship with 
heat waves, can exacerbate cardiovascular diseases and can 
cause death in severe cases [10,11]. Heat-related illnesses are 
preventable by actions such as avoiding exposure to high 
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temperature environments [12]. Therefore, with proper re- 
sponses, serious health consequences of heat-related illness 
can be avoided, also. Damages caused by heat waves are ex- 
pected to be on the rise with climate change [1 3]. Accordingly, 
heat-related morbidity and mortality are likely to grow signifi- 
cantly [14]. Thus, public health programs to prevent the occur- 
rence of heat-related illnesses caused by heat waves will be- 
come more important. 

Health impact caused by heat waves is influenced by a thre- 
shold temperature, above which damage occurs at a sharply 
increased level [4,15,16].The incidence of heat-related morbid- 
ity, below the threshold temperature, and at or above the 
threshold temperature shows a major difference in most cases 
[17]. The threshold temperature and the increase rate in pa- 
tients at and above it differ by region [4,18], age, and gender. 
The threshold temperature is the most critical information in 
policies for preventing the health impacts of heat waves, as it 
is used as an indicator for initiating public health response ac- 
tions to heat waves or to issue heat wave warnings. The rate 
of increase of patient numbers above a threshold temperature 
can also be used as an assessment of vulnerability and the 
evaluation of public health response [19]. Heat-related illnesses 
are reported to increase steeply above a certain level, with sim- 
ilar outcomes for other health impacts [20]. Nevertheless, the 
pattern of incidence of heat-related illnesses and its relation- 
ship with temperature have rarely been investigated in Korea. 

38 r 



For three straight weeks from July 22 to August 1 1, 2012, a 
record heat wave hit most parts of the nation. The daily maxi- 
mum temperature stayed above 30°C and peaked at 38.7°C. 
During this period, the average daily maximum temperature 
was 33.0°C, well over the average of the past ten years in the 
same period of 30.4°C (Figure 1).The Korea Centers for Disease 
Control and Prevention (KCDC) has operated a heat wave sur- 
veillance system to collect data from patients with heat-relat- 
ed illnesses for three months since June, including the heat 
wave period. In this study, with the descriptive analysis of the 
data collected by the heat wave surveillance system, charac- 
teristics of the patients affected by the heat-related illnesses in 
the summer of 201 2 were identified. The study also analyzed 
the rate of patient increase at and above the threshold tem- 
perature in examining the relationship between the occur- 
rence of patients with heat-related illnesses and temperature. 
Moreover, the study was conducted to identify how the 
threshold temperature and patient increase rates differ ac- 
cording to region and demographic group. 

METHODS 

In the summer of 201 2, the KCDC operated a heat wave sur- 
veillance system in response to a heat wave, from June 1 to 
September 6. Among the patients who visited emergency 
medical institutions participating in this study, the active sur- 




2012 

2000-2010 

Average temperature 



20-Jul 27-Jul 3-Aug 10-Aug 17-Aug 24-Aug 31 -Aug 

Figure 1. Average daily maximum temperature {°C) during the surveillance period (June 1, 2012 to August 31, 2012). ^Heat wave 
period: July 22 to August 11,2012. 
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veillance system collected the Information from patients who 
were diagnosed with heat-related Illnesses due to exposure to 
the heat waves. Among the total 461 emergency medical In- 
stitutions nationwide, 458 Institutions participated In the 
study. 250 Institutions (54.6% of the total) have reported at 
least one case. Regionally, Seoul had the largest number of 
participating Institutions, and Jeju, Incheon, and GyeonggI 
had the fewest. Personnel In charge at each emergency medi- 
cal Institution reported through an electronic system Individu- 
al cases of patients with heat-related Illnesses who were ad- 
mitted on the previous day of the reporting. The community 
health center In each region compiled the data and encour- 
aged emergency medical Institutions In their designated area 
to report cases In case they failed to report. Heat-related Ill- 
ness Is listed asT67 In the 10th revision of International Classi- 
fication of Diseases coding system. It Is categorized Into heat 
syncope, heat edema, heat cramp, heat exhaustion, and heat 
stroke. Items to be reported Include: diagnosis, patient's gen- 
der and age, date and time of the onset of the symptoms, lo- 
cation of the onset of symptoms, date and time of visit to an 
emergency medical Institution, level of consciousness at the 
time of the visit, vital signs Including blood pressure and body 
temperature, and outcome of treatment. 

In this study, we used and analyzed the data of the three 
months In the summer, from June 1 to August 31, among the 
data of patients with heat-related Illnesses collected through 
the heat wave surveillance system. In categorizing the diagno- 
ses of heat-related Illnesses, we Integrated heat syncope, heat 
edema, and heat cramp Into mild heat-related Illnesses. Age 
groups were reclassified Into three: younger than 19 years 
(school age); 20 to 64 years (who actively participate In eco- 
nomic activities); and 65 or older. The locations of the onset 
were categorized Into the following: home, workplace both 
Indoors and outdoors, road, fields and paddles, greenhouse, 
and other Indoor and outdoor places. Regions were catego- 
rized Into 16 cities and provinces In the administrative district. 
Including seven metropolitan cities and nine provinces, based 
on the address of the medical Institution that reports the Inci- 
dence of cases. The seven cities are Seoul, Incheon, Daejeon, 
Daegu, Gwangju, Ulsan, and Busan.The nine provinces are 
GyeonggI, Gangwon, Chungbuk, Chungnam, Gyeongbuk, 
Jeonbuk, Jeonnam, and Jeju. Patients with heat-related Ill- 
nesses were represented by the number of patients per day, 
according to region, gender, age group, and diagnosis. 

As for meteorological data, we used dally maximum tem- 



perature, dally average temperature, and average humidity 
from 91 weather stations provided by the Korea Meteorologi- 
cal Administration website [21 ]. The heat Index was calculated 
using the dally maximum temperature and average humidity, 
according to the formula suggested by the US National Weath- 
er Service [22]. 

Heat Index (°F) =-42.379-^2.04901 523T+^ 0.1 43331 27R- 

0.22475541 TR- 6.83783 X 1 0-'T'-5.481 717X1 0'^R'-H 
1 .22874 X 1 0-'T'R-f8.5282 X 1 0-^TR2-1 .99 X 1 0T'R' 

Also, the following formula was used In converting the dally 
maximum temperature to be expressed In Fahrenheit to cal- 
culate the heat Index and the calculated heat Index to be ex- 
pressed In Celsius. 

°F=°CX9/5-f32 

The location data of each weather station was verified from 
the annual weather report [23]. The mean of observed values 
at each measuring point were used as representative values 
for each city and province according to administrative district. 
Also, the mean of all observed values was used as a nationally 
representative value and used In analysis. By using location 
data from the weather stations, we computed the latitude In- 
formation of each city and province. For the provinces, the lati- 
tudes of local government capitals were used as representa- 
tive values. 

In order to obtain the threshold temperatures of each city 
and province and population groups as well as the rate of pa- 
tient Increase according to temperature at temperatures 
above the threshold temperature, a plecewlse regression 
model was designed [17]. This model Is a linear regression 
model, of which Its regression coefficient differs from certain 
temperatures below and above. To find the point where the 
regression coefficient changes, we Identified how goodness of 
fit of models changed according to a temperature change per 
0.1 °C Increment, using Akalke's Information criterion (AlC) val- 
ue, and set the point of Inflection of the model with the small- 
est AlC value as the threshold temperature. Then, a log linear 
model that assumes Polsson distribution In temperatures 
above the threshold was used, and the regression coefficient 
was exponentiated to obtain relative risks (RR). 

Among temperature Indicators such as dally maximum tem- 
perature, dally average temperature, and heat Index, each 
plecewlse linear regression model using each Indicator were 
compared to each other. In order to select the one that can 
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best predict the incidence of patients with heat-related ill- 
nesses. The AlC and the explanatory power of each model 
were compared, and the temperature indicator used in the 
most suitable model was used in other analysis later. Using 
threshold temperatures and RRs in the temperatures above 
the threshold in various population groups, such as patients 
with heat-related illnesses across the nation and in regions in- 
cluding 16 cities and provinces, in different types of regions, of 
gender, age, and diagnosis, the characteristics of relationships 
with temperature were analyzed. Also, a chi squared test was 
used to analyze how patterns of occurrence of heat-related ill- 
nesses differed according to age, gender, and type of region. 

For statistical analysis, SPSS version 19.0 (IBM, Armonk, NY, 
USA) and R version 2.15 (The Comprehensive R Archive Net- 
work, http://cran.r-project.org) were used. 

RESULTS 

The number of patients with heat-related illnesses reported 
through the heat wave surveillance system for three months 
from June 1 to August 31 was 975 in total (Table 1). The pa- 
tients' age ranged from 4 to 93, covering most age groups. 
Those who are 65 or older accounted for 32.5% of the total. By 
gender, men accounted for 69.4%, more than twice the per- 
centage of women. By region, cases occurred in the provinces 
(66.6%) approximately twice as frequently as in the metropoli- 
tan cities (33.4%). And by location, cases occurred outdoors 
more than three times more frequently than indoors: 21 0 cas- 
es (21.5%) occurred indoors in homes, indoor workplaces, and 
other indoor places; 765 cases (78.5%) occurred outdoors, in- 
cluding outdoor workplaces, roads, fields and paddies, green- 
houses, and other outdoor places. 

The percentage of patients with mild heat-related illnesses, 
including heat cramps, heat edema, and heat syncope was 
28.5%; heat exhaustion, 39.2%, and heat stroke, 32.2%. 
Among all, 15 patients who were diagnosed with heat stroke 
died. Two hundred and fifty eight (24.2%) of them were hospi- 
talized, and 86 among them were admitted to the intensive 
care unit. At the time of admission, the average body tempera- 
ture of the patients was 37.7°C, and in one case, a patient 
peaked to 43.2°C. The blood pressure values of the patients 
were close to the normal range: the average systolic blood 
pressure was 1 25.25 mmHg and diastolic, 76.80 mmHg. 

Figure 2 shows the relationship between the overall inci- 
dence of heat-related illnesses and each temperature indica- 



tor. The threshold temperature when the daily maximum tem- 
perature was used was 31.2°C, and in temperatures above the 
threshold temperature, the RR per TC temperature increase 
was 1.691 (95% confidence interval [CI], 1.641 to 1.743). In the 
model using the daily maximum heat index, the threshold 
temperature was 39.3°C, and in temperatures above the 
threshold temperature, the RR was 1.234 (95% CI, 1.218 to 
1.250). In a model using the daily average temperature, the 
number of patients increased by 82.3% (95% CI, 1.756 to 



Table 1 . General characteristics of heat-related patients (n =975) 







n (%) 


Mean 


Mini- 
mum 


Maxi- 
mum 


SD 


Age (y) 


Total 


975(100) 


52.24 


4 


93 


20.929 




0-19 


80(8.2) 


14.68 


4 


19 


3.628 




20-64 


578 (59.3) 


44.45 


20 


64 


12.094 




65- 


317(32.5) 


75.91 


65 


93 


7.023 


Gender 


IVIen 


676(69.3) 




" 


" 






Women 


299 (307) 










Region 


IVIetropolitan 


326 (33.4) 






- 






cities' 














Provinces^ 


649 (66.6) 










Location 


Home 


99(10.2) 




- 


- 






Workplace-indoor 


74(7.6) 




- 


- 






Workplace-outdoor 


219(22.5) 


- 


- 


- 


- 




Road 


151 (15.5) 


- 


- 


- 


- 




Fields and paddies 


151 (15.5) 












Greenhouse 


16(1.6) 












Other-indoors 


37 (3.8) 












Other-outdoors 


228 (23.4) 












Heat cramp 


123(12.6) 










Diagnosis Heat edema 


2(0.2) 












Heat syncope 


50(15.4) 












Heat exhaustion 


386(39.6) 












Heat stroke 


314(32.2) 












Death 


15(1.5) 










Outcome 


Admission (ICU) 


86(8.8) 












Admission 


171 (17.5) 












(general ward) 














Transferred 


46 (4.7) 












Discharged 


654(67.1) 












Discharged with- 


3(0.3) 












out treatment 












Body temperature (°C) 




37.67 


34.9 


43.2 


1.655 



Systolic blood pressure (mmHg) 125.25 40 214 24.761 

Diastolic blood pressure (mmHg) 76.80 28 160 15.602 

SD, standard deviation; ICU, intensive care unit. 

'Seoul, Incheon, Daejeon, Daegu, Ulsan, Gwangju, and Busan. 

^Gangwon, Gyeonggi, Chungbuk, Chungnam, Gyeongbuk, Jeonbuk, Gyeong- 

nam, Jeonnam, and Jeju. 
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Figure 2. Scatter plots and graphs of piecewise linear model of number of total heat-related patients according to several tem- 
perature Indices (A, maximum temperature [°C]; B, maximum heat index [°C]; and C, average temperature [°C]) and threshold 
temperature (°C). RR, relative risk; CI, confidence interval; AlC, Akaike's information criterion. 



Table 2. Threshold temperature (°C) and relative risk of heat-related illness associated with 1°C increment of maximum tempera- 
ture above threshold according to gender, age, diagnosis, and region 





LfltitudB^ 


1 nrBsnoiQ \ 


DD 
tin 


tOiOL PI 
33 /O Ifl 


p-valu6 


Gender 












Men 


- 


31.1 


1.643 


1.587, 1.701 


<0.001 


Women 


- 


31.6 


1.822 


1.716, 1.934 


<0.001 


Age (y) 












0-19 




31.3 


1.590 


1.442, 1.753 


<0.001 


20-64 




30.7 


1.627 


1.568, 1.689 


<0.001 


65- 




31.8 


1.863 


1.755, 1.978 


<0.001 


Heat-related illness 












Mild^ 




31.2 


1.647 


1.559, 1.740 


<0.001 


Heat exhaustion 




31.1 


1.666 


1.589, 1.746 


<0.001 


Heat stroke 




31.3 


1.770 


1.674, 1.872 


<0.001 


Metropolitan cities 




32.2 


1.704 


1.618, 1.794 


<0.001 


Seoul 


37°34- 


33.9 


1.915 


1.751,2.094 


<0.001 


Incheon 


37°28' 


33.8 


1.725 


1.500, 1.984 


<0.001 


Daejeon 


36°22' 


31.4 


1.675 


1.434, 1.957 


<0.001 


Daegu 


35°53' 


33.9 


1.583 


1.375, 1.823 


<0.001 


Ulsan 


35°33' 


33.6 


1.329 


1.165, 1.517 


<0.001 


Gwangju 


35°10' 


32.8 


1.531 


1.336, 1.754 


<0.001 


Busan 


35°06' 


33.1 


1.610 


1.381, 1.876 


<0.001 


Provinces 




30.5 


1.687 


1.626, 1.751 


<0.001 


Gangwon 


37°54' 


28.8 


1.527 


1.326, 1.757 


<0.001 


Gyeonggi 


37°16' 


31.9 


1.799 


1.658,1.953 


<0.001 


Chungbuk 


36°38' 


30.9 


1.655 


1.470,1.863 


<0.001 


Chungnam 


36°22' 


34.0 


1.706 


1.552,1.876 


<0.001 


Gyeongbuk 


35°53' 


31.4 


1.663 


1.483, 1.865 


<0.001 


Jeonbuk 


35°49- 


31.8 


1.672 


1.476,1.894 


<0.001 


Gyeongnam 


35°10' 


31.3 


1.678 


1.496,1.883 


<0.001 


Jeonnam 


35°10' 


30.0 


1.698 


1.569, 1.837 


<0.001 


Jeju 


33°30' 


29.6 


1.803 


1.375, 2.364 


<0.001 



RR, relative risk; CI, confidence interval. 

'Latitude by the location of weather station of each metropolitan city or capital city of the provinces. 
^Mild heat-related illness: heat syncope, heat cramp, and heat edema. 
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1.892) per TC increase in temperatures above 26.9°C. The 
model using the daily maximum temperature had the small- 
est AlC value of 535.1 3, demonstrating the highest goodness 
of fit. The explanatory power of the model was the highest 
(90.5%) as well. 

Therefore, in this paper, the association between the daily 
maximum temperature and variables such as age, gender, and 
diagnosis, as well as the incidence of patients with heat-relat- 
ed illnesses in 16 cities and provinces was analyzed. Then the 
threshold temperature of the daily maximum temperature 
and RRs in temperatures above the threshold temperature of 
the variables were compared (Table 2). The threshold temper- 
ature of males and females were similar to each other, at 
31. rc and 31.6°C, respectively. However, the men's RR of the 
patient increase in temperatures above the threshold was 
1.643 (95% CI, 1.587 to 1.701), lower than that of women, 
1.822 (95% CI, 1.716 to 1.934). By age, the threshold tempera- 
tures of the group 1 9 or younger and the group 65 and older 
were similar to each other, at 31.3°C and 31.8°C, respectively, 
whereas the threshold temperature of the 20- to 64-year-old 
group was lower (30.4°C). Among the RRs of the patient in- 
crease in temperatures above the threshold, that of the group 
65 and older was 1.863 (95% CI, 1.755 to 1.978), higher than 
those of the other two groups. By diagnosis, the threshold 
temperatures of mild heat-related illnesses, heat exhaustion, 
and heat stroke were similar. The RR of heat stroke was 1.770 
(95% CI, 1.674 to 1.872), which was somewhat higher than 
those of the other two illness groups. 

In terms of region, the threshold temperature was higher in 
the metropolitan cities (32.2°C) than in the provinces (30.5°C) 
by 1.7°C. The RRs of the metropolitan cities and provinces 
were similar, at 1.704 (95% CI, 1.618 to 1.794) and 1.687 (95% 
CI, 1.626 to 1.751), respectively. Among the metropolitan cit- 
ies, Seoul and Daegu showed the highest threshold tempera- 
ture. In those cities, at temperatures of 33.9°C and above, the 
number of patients increased by 91.5% (95% CI, 1.751 to 
2.094) and 58.3% (95% CI, 1.375 to 1.823), respectively, per rC 
increase. Daejeon showed the lowest threshold temperature 
of 31 .4°C, with an RR of 1 .675 (95% CI, 1 .434 to 1 .957), and Ul- 
san had the lowest RR. In Ulsan, the number of patients in- 
creased by 32.9% (95% CI, 1.165 to 1.517) per VC rise in tem- 
peratures above the threshold of 33.6°C. In terms of latitude, 
the RRs of Seoul and Incheon, the cities located in the North- 
ern area, tended to be higher than in other regions. In the 
provinces, Chungnam showed the highest threshold tempera- 



Table 3. Number of patients with heat-related illnesses ac- 
cording to gender, age, and region 



X/nrinhlpQ 
vai lauica 


No. of cases 
of mild heat- 
related 
illnesses (%) 


No. of cases 

of heat 
exhaustion 

(%) 


No. of 
cases of heat p-value' 
stroke (%) 


Gender 










Men 


200(29.6) 


272 (40.2) 


204(30.2) 


0.10 


Women 


75(25.1) 


114(38.1) 


110(36.8) 




Age (y) 










0-19 


20(25.0) 


40 (50.0) 


20(25.0) 


<0.001 


20-64 


166(28.7) 


262 (45.3) 


150(26.0) 




65- 


89(28.1) 


84(26.5) 


144(45.4) 




Region 

Metropolitan 
cities^ 

Provinces^ 


87 (26.7) 
188(29.0) 


111 (34.0) 
203 (31.3) 


128(39.3) 
258(39.8) 


0.63 



'Chi-squared test. 

^Seoul, Incheon, Daejeon, Daegu, Ulsan, Gwangju, and Busan. 

^Gangwon, Gyeonggi, Chungbuk, Chungnam, Gyeongbuk, Jeonbuk, Gyeong- 

nam, Jeonnam, and Jeju. 



ture of 34.0°C, and Gangwon the lowest of 28.8°C. The RR was 
the highest in Gyeonggi and Jeju, at 1.799 (95% CI, 1.658 to 
1.953) and 1.803 (95% CI, 1.375 to 2.364), respectively. Gang- 
won had the lowest RR among all of the provinces, with 1 .527 
(95% CI, 1.326 to 1.757). 

Table 3 demonstrates the pattern of heat-related illness ac- 
cording to gender, age, and region. Women had fewer cases of 
mild heat-related illness and a higher fraction of heat stroke 
than men, but such tendencies were not statistically signifi- 
cant. In relation to the pattern of heat-related illnesses, heat 
exhaustion was the most prevalent type among the 19 and 
younger group (50.0%) and the 20 to 64 group (45.3%). While 
heat stroke occurred at the similar incidence in these groups 
(25.0% and 26.0%, respectively), heat stroke was the most 
prevalent type in the group 65 and older (45.4%). By region, 
patterns of heat-related illnesses were similar between metro- 
politan cities and provinces. 

DISCUSSION 

This study was conducted for the following purposes: to 
identify characteristics of patients who developed heat-related 
illnesses in the summer of 2012 in Korea; to analyze the rela- 
tionship between the incidence of the illnesses with tempera- 
ture; and to find threshold temperatures according to factors 
such as demographic characteristics and region, and RRs in 
temperatures above the threshold. Heat-related illnesses oc- 
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curred more in men than in women and in provinces than in 
metropolitan cities. People 65 and older developed heat 
stroke more frequently than other age groups did. The thresh- 
old temperature was lower in the group of 20- to 64-year-olds 
than in the other age groups, and in provinces than in metro- 
politan cities. The RR at temperatures above the threshold 
temperature was higher in women than in men, and in the el- 
derly aged 65 and up than in the younger age groups. In met- 
ropolitan cities, the RR generally tended to be higher with 
higher latitude. In terms of diagnosis, heat stroke showed the 
highest RR compared to the other types of illnesses. 

Previous studies conducted in Korea have demonstrated the 
association between total number of deaths or stroke and 
temperature and have discovered threshold temperatures. Ac- 
cording to these studies, the threshold temperature of south- 
ern regions, such as Daegu, where the average temperature is 
high, was higher than that of Seoul or Incheon, where the lati- 
tude is higher and therefore the average temperature is rela- 
tively lower [4,6]. Nevertheless, in this study, which analyzed 
the data of patients with heat-related illnesses, the difference 
between Seoul and Daegu in threshold temperature was not 
high (0.7°C), and other regions did not show differences in the 
value according to latitude, either. Such differences have pos- 
sibly originated from the difference in the mechanisms 
through which the health impacts are being influenced by 
temperature. In other words, while the total number of deaths 
rises in many cases due to indirect mechanisms such as exac- 
erbation of cardiovascular diseases caused by the temperature 
rise, heat-related illnesses are mainly caused by direct expo- 
sure to high temperatures during outdoor activities [24]. 
Therefore, the threshold temperature of a demographic group 
related to an increase in heat-related illnesses is largely influ- 
enced by the pattern of activities of the group at high temper- 
atures. This study demonstrated that the age group of 20 to 64 
had the lowest threshold temperature of all of the age groups. 
This is thought to be due to the fact that the group engages in 
outdoor activities or economic activities more frequently than 
any other groups, and thus has more opportunities to be ex- 
posed to environments with high temperatures, and not nec- 
essarily because the group had a lower ability to adapt to high 
temperatures. Also, the finding that threshold temperatures in 
the provinces is lower than in metropolitan cities can imply 
that people in provinces, compared to their counterparts in 
metropolitan cities, are more likely to be easily exposed to 
high temperature. That is, they engage in outdoor activities 



more or work in conditions without air conditioning. 

At and above the threshold temperature, higher RRs signify 
a higher patient incidence according to temperature increase. 
Therefore, the RR reflects the sensitivity of heat-related illness- 
es to temperature. The findings of this study also demonstrat- 
ed that the RRs of women and the age group of those 65 and 
older were higher than those of other groups. These groups 
are generally thought to have higher sensitivity to illnesses. 
The finding that the proportion of heat stroke was higher in 
those groups also appears to reflect that, as heat stroke is 
more severe than other heat-related illness. The RRs of heat- 
related illnesses to temperature can differ significantly by fac- 
tors other than sex and age, such as the degree of adaptation 
to environments with high temperature by residents of each 
community, or the effectiveness of measures taken by local 
communities to adapt to high temperatures [25]. In this study, 
in a comparison between metropolitan cities, cities with high- 
er latitude tended to have higher RR. This is considered to be 
due to the fact that residents in the metropolitan cities in the 
southern area are relatively more adapted to high tempera- 
tures. 

It can be said that the higher the threshold temperature, at 
which the number of patients starts to increase sharply, and 
the lower the RR, which represents the degree of the increase 
of patients, the less that health damages are caused by heat 
waves. The threshold temperature reflects the degree of expo- 
sure to high temperature and activity patterns of a demo- 
graphic group. The RR is determined by the group's vulnerabil- 
ity and the group's degree of adaptation to high temperatures. 
Considering these facts, the following strategies may be need- 
ed: environments that expose a population group to high 
temperatures should be minimized in order to increase the 
threshold temperature; individuals' or communities' capacity 
to adapt to high temperatures should be increased to reduce 
their RRs to heat-related health damages. 

The threshold temperature can be used as a fundamental 
data point in making decisions related to investing resources 
and implementing policies to prevent health damages in a re- 
gion or a population group, or in deciding when to issue a 
heat warning [26]. Also, the RR can be helpful in determining 
vulnerable groups. In this study, the rate of patient incidence 
increase according to the temperature rise was higher in 
women, compared to men, and in the elderly population. 
Such a trend can be changed by preventive action and man- 
agement, not only by unmodifiable factors such as gender 
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and age [27]. Therefore, preventive and management policies 
against heat-related illnesses can be evaluated based on RRs. 

The data on patents with heat-related illnesses used in this 
study were collected by the heat wave surveillance system of 
the KCDC.This system was implemented in 201 1, in response 
to the ever-increasing possibility of heat wave occurrence. The 
system uses patients with heat-related illnesses as a monitor- 
ing indicator. While many countries across the world are oper- 
ating surveillance systems for heat waves, various monitoring 
indicators are being utilized: total number of deaths, number 
of patients who visit emergency rooms, number of patients 
with heat-related illnesses, and others [20,28-30]. Neverthe- 
less, in Korea, currently it is very difficult to establish a real- 
time mortality surveillance system. This is because a death is 
required to be reported within a month, and it takes approxi- 
mately one year to establish official mortality statistics nation- 
wide [31]. Mortality data reflects the overall damage of heat 
waves, and patterns of mortality and patients with heat-relat- 
ed illnesses at the time of a heat wave can vary. Thus, it is im- 
perative for Korea to establish a mortality surveillance system 
in the future. In the meantime, the current surveillance system 
that monitors patients with heat-related illnesses is thought to 
have proven to be a useful surveillance system: It has highly 
sensitively demonstrated the relationship between tempera- 
ture and the patient incidence during the summer of 201 2, in- 
cluding the record high heat wave period, and the system ac- 
cordingly induced the threshold temperatures and RRs. 

The limitations of this study are as follows. First, as a weak- 
ness of the surveillance system, the distribution of the partici- 
pating institution with the surveillance system was not identi- 
cal with that of all nationwide medical institutions. Because 
the representativeness of emergency medical institutions can 
differ by region and therefore can differ from the distribution 
of actual patient occurrence, it is difficult to compare the inci- 
dence rate by region. Nonetheless, such an inherent weakness 
of the surveillance system data may not be very significant. 
This is because the goal of this study was to identify and com- 
pare regional characteristics based on the threshold tempera- 
ture and the rate of patient increase according to temperature, 
not on the incidence rate per region. Another limitation is that 
there is a possibility of underestimation, due to failure in pa- 
tient reporting. There were personnel who were responsible 
for encouraging institutions to actively participate in this heat 
wave surveillance system. However, as the patient reporting 
was not mandatory, it is possible that reporting was not made 



when the workload in the emergency medical institutions was 
high. 

The strength of this study is that the accuracy of cases and 
diagnosis used in the study was very high because the data 
were collected by a national surveillance system. With defini- 
tions on the cases of patients and judgments made by profes- 
sional medical staff, the accuracy of diagnosis was improved. 
Also, by excluding cases that occurred indoors or in workplac- 
es, the relationship between the heat-related illnesses and 
outside temperature could be made more clearly. 

This study analyzed the relationship between temperature 
and heat-related illnesses occurring in the summer, including 
the heat wave period. It has identified threshold temperatures 
and RRs for the first time in Korea, and has interpreted their 
implications for public health. Heat-related illnesses occurring 
in Korea show the pattern of increasing drastically in tempera- 
tures at and above the threshold temperature. We have veri- 
fied that threshold temperatures and the RRs of the patient in- 
cidence in temperatures above the threshold temperature can 
differ by the characteristics and location of the region, and pa- 
tient characteristics such as gender and age. The findings of 
this study, the threshold temperature according to risk factors 
in 16 cities and provinces in the administrative districts, along 
with gender and age and RRs in temperatures above the 
threshold, should be used as critical information in implement- 
ing and evaluating heat-related illness preventive policies. 
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